Nocardia farcinica is a Gram-positive weakly acid-fast filamentous saprophytic bacterium, an uncommon cause of human infections, acquired usually through the respiratory tract, often life-threatening, and associated with different clinical presentations. Predisposing conditions for N. farcinica infections include hematologic malignancies, treatment with corticosteroids, and any other condition of immunosuppression. Clinical and microbiological diagnoses of N. farcinica infections are troublesome, and the isolation and identification of the etiologic agent are difficult and time-consuming processes. We describe a case of fatal disseminated infection in a patient with myelodysplastic syndrome, treated with corticosteroids, in which N. farcinica has been isolated from blood culture and identified by Matrix-Assisted Laser Desorption-Ionization Time of Flight Mass Spectrometry. The patient died after 18 days of hospitalization in spite of triple antimicrobial therapy. Nocardia farcinica infection should be suspected in patients with history of malignancy, under corticosteroid therapy, suffering from subacute pulmonary infection,and who do not respond to conventional antimicrobial therapy. Matrix-Assisted Laser Desorption-Ionization Time of Flight Mass Spectrometry can be a valuable tool for rapid diagnosis of nocardiosis.
Introduction
Nocardia infections are rare but potentially fatal, typically occurring in patients with cell-mediated immunosuppressive conditions, but occasionally in immunocompetent patients as well [1] .
Nocardia farcinica is a Gram-positive branching filamentous bacillus causing localized and disseminated infections in humans, including pulmonary infections [2] [3] [4] [5] [6] [7] [8] [9] , subcutaneous [10] and brain abscesses [11] [12] [13] , and bacteremia [14] [15] [16] [17] [18] [19] , especially in immunocompromised patients [20] .
The microbiological diagnosis of nocardiosis and the identification of Nocardia clinical isolates by conventional methods are difficult and time-consuming processes [21] . Polymerase chain reaction has been employed for Nocardia spp. identification from different clinical specimens [22, 23] . Recently, Matrix-Assisted Laser Desorption-Ionization Time of Flight Mass Spectrometry (MALDI-TOF MS) has been developed for rapid identification of the majority of human pathogens, but hitherto it has been rarely used for Nocardia identification [24, 25] .
We describe a lethal case of N. farcinica disseminated infection in a patient with myelodysplastic syndrome treated with corticosteroids, in which the etiologic agent was isolated from blood culture and rapidly identified by MALDI-TOF MS. 
Case Presentation
In July 2012, a 91-year-old Italian male patient was admitted to the Internal Medicine Unit of the Perugia General Hospital complaining from fatigue, anorexia, weight loss of 10 Kg in few weeks, and arthralgia. The patient's medical history revealed that he was suffering from myelodysplastic syndrome, complicated by autoimmune hemolytic anemia since March 2012, treated with periodic blood transfusions, alpha recombinant human erythropoietin 40,000 IU/week subcutaneously, and since the last month, with prednisone 25 mg/day, cutting down the dosage by half every week. The patient completed corticosteroid therapy few days before admission. He suffered also from previous ischemic stroke, moderate renal insufficiency, psychosis, and chronic obstructive pulmonary disease. On admission the examination showed low-grade fever (37.2 ∘ C), fatigue, nonproductive cough, bilateral basal crackles, and wheezes at chest auscultation. His blood pressure was 118/78 mmHg, the heart rate was 82 beats per minute, the respiratory rate was 20 breaths per minute, and oxygen saturation measured by pulse oximetry was 95%. The patient's body weight was 76 kg. No other significant abnormalities were found. Two sets of blood cultures were drawn from different peripheral sites at the same time.
Main laboratory tests performed on admission showed hemoglobin 10.2 g/dL, leukocytes 11.3 × 10 3 / L (neutrophils 77%, lymphocytes 16%, and monocytes 6.3%), platelets 202 × 10 3 / L, sedimentation rate 42 mm/h, creatinine 1.95 mg/dL, albumin 2.7 g/dL, and gamma globulin 29.5% with two monoclonal bands in gamma region. Other blood-chemistry tests did not show significant pathological values. The chest X-ray performed on admission disclosed multiple nodular acinar opacities throughout both lungs with diffuse interstitial thickening. The Mantoux skin test showed negative result. A sputum sample was collected, and Gram stain showed more than 25 neutrophils per low-power field and normal upper respiratory tract bacterial population, but no potential pathogens present. Culture was negative for common bacterial pathogens. A presumptive diagnosis of community-acquired pneumonia in immunocompromised patient was made, and antimicrobial therapy with ceftriaxone 2 g intravenously/die was started. In spite of that, the patient's conditions slightly worsened over the next couple of days, with decreased level of consciousness and low-grade fever (≤37.5 ∘ C) episodes every day. On the fourth day, the aerobic bottle of the first blood culture set flagged positive. Gram staining of positive bottle revealed branching Gram-positive rods (Figure 1(a) ) that were also weakly acid-fast on modified Kinyoun stain (Figure 1(b) ). On the basis of these findings, Nocardia spp. bacteremia was suspected and ceftriaxone was replaced with trimethoprim/sulfamethoxazole 160/800 mg intravenously three times daily, plus linezolid 600 mg intravenously twice daily. Positive blood culture was subcultured, and after 2 days of incubation very small colonies appeared on Columbia blood agar and were identified by MALDI-TOF MS (Bruker Daltonics, Bremen, Germany) as Nocardia farcinica, with a score of 1.879 (Figure 2 ). On the fifth day after subculturing, N. farcinica identification was confirmed by conventional biochemical tests. The isolate was susceptible to trimethoprim/sulfamethoxazole, linezolid, ciprofloxacin, and amikacin but resistant to ceftriaxone, clarithromycin, and imipenem. Ciprofloxacin 200 mg intravenously twice daily was added. Sputum, collected again soon after presumptive diagnosis of nocardiosis, was cultured for Nocardia spp., but resulted negative after 10 days of incubation.
Case Reports in Medicine On day 10 the patient's level of consciousness deteriorated to a state of light coma, difficult to awaken, with worsening shortness of breath. Oxygen saturation measured by pulse oximetry showed values of 89%; therefore oxygen therapy was started via nasal cannula at 2 liters per minute (FiO 2 28%). A computerized tomography (CT) scan of the brain was performed, and it showed multiple enhancing focal lesions in the frontal regions (Figure 3(a) ), midbrain, and in the cerebellum, and a chest CT scan showed multiple nodular lesions and bilateral pleural effusion (Figure 3(b) ). Unfortunately, the patient was suffering from psychosis, and although in a coma, he was uncooperative when awakened; therefore a thoracentesis could not be performed. For the same reason, the patient refused noninvasive mechanical ventilation, and oxygen therapy was continued via nasal cannula and then via Venturi mask with further increases. The patient died on day 18 of hospitalization.
Discussion
Nocardia farcinica is a Gram-positive actinomycete saprophyte, ubiquitous in the environment. It is considered an opportunistic pathogen that affects patients with impaired cell-mediated immunity. Most of the patients with N. farcinica infection had predisposing factors like hematologic malignancies, treatment with corticosteroids, solid tumors, bone marrow or solid organ transplantation, HIV infection, chronic pulmonary, and renal diseases [16] . The most common clinical presentation is a subacute pneumonia with nodules, necrosis, cavitation, or lung abscesses [2] [3] [4] [5] . Due to nonspecific clinical and radiologic manifestations, pulmonary nocardiosis is easily misdiagnosed as tuberculosis or bacterial pneumonia [26] . Hematogenous dissemination to central nervous system in the form of brain abscesses [11] [12] [13] or to other sites can occur [10] . Nocardia farcinica bacteremia has been rarely described [14, 18, 27] . It is associated with a very poor prognosis [14] and poses a significant clinical and diagnostic challenge [18] .
Also in this case, the clinical presentation on admission was aspecific, leading to the initial diagnosis of bacterial pneumonia in an immunocompromised patient without suspicion of nocardiosis. In our patient, the diagnosis, suspected on the Gram and Kinyoun staining of the positive blood culture, was definitively confirmed two days later by MALDI-TOF MS. Identification by conventional standard methods was obtained only five days after blood culture positivization. To the best of our knowledge, MALDI-TOF MS was recently employed to identify different Nocardia spp. from bacterial collections [24, 25] , but not from human clinical specimen. This is the first report in which this method has been used during the routine laboratory practice to identify a Nocardia clinical isolate, recovered from blood culture, shortening the diagnosis of disseminated nocardiosis. Moreover, since N. farcinica exhibits a high degree of resistance to many antimicrobials, the early identification obtained by MALDI-TOF MS was of high importance.
Nevertheless, we were unable to recover the microorganism from patient's sputum, confirming that Nocardia spp. are difficult to isolate from this kind of sample even in documented cases of pulmonary infection, because of the low number of bacteria in the sample and/or the slow growth and the overgrowth by the contaminating bacteria [28] .
The isolate was susceptible only to ciprofloxacin, linezolid, and trimethoprim/sulfamethoxazole, showing a typical pattern of antimicrobial resistance. Nocardia farcinica is often susceptible to amoxicillin/clavulanic acid, amikacin, imipenem, and ciprofloxacin, and differently from other species, resistant to ampicillin, cephalosporins, erythromycin, gentamicin, and tobramycin. The antimicrobial resistance, together with the tendency to disseminate, is considered responsible for the high mortality of N. farcinica infections [16] . These intrinsic characteristics of the organism, together with several comorbidities (myelodysplastic syndrome, renal insufficiency, and chronic obstructive pulmonary disease), long-term prednisone theraphy, and the late etiological diagnosis of the infection, explain the unfavorable outcome for our patient.
Conclusion
This case shows that N. farcinica infection should be suspected in patients with history of malignancy, under corticosteroid therapy, suffering from subacute pulmonary infection, that does not respond to conventional antimicrobial therapy. Matrix-Assisted Laser Desorption-Ionization Time of Flight Mass Spectrometry is a valuable tool for a more rapid microbiological diagnosis of nocardiosis.
